Structural studies have failed thus far to support the conformational change model. In addition, two recent experiments performed using soluble peptide-MHC complexes make this model highly unlikely. Both studies demonstrate that T cell triggering cannot be induced by monovalent ligation of TCR by soluble peptide-MHC complexes, but rather requires some form of oligomer-
). This T cell response. According to this model, the engagement of TCR by peptide-MHC does not immediately lead serial triggering process implies that effective agonists must be able not only to engage and trigger, but also to TCR triggering, because a series of phosphorylation steps followed by recruitment and activation of ZAP-70 to dissociate from the triggered TCR to become available for a new interaction. The fast off-rate of this interneed to be performed, a process that requires time. If the duration of the interaction is sufficient, the phosaction is entirely consistent with this premise. Low-affinity TCR ligands such as peptide-MHC comphorylation and docking events will proceed until the fully active complex, which we refer to as a triggered plexes and bacterial superantigens display logarithmic dose-response curves, with similar slopes but different TCR, is assembled and can transmit the signal to downstream pathways. In contrast, a premature dissociation potencies (Viola and Lanzavecchia, 1996) (Figure 2) . In all cases, the capacity to induce TCR downregulation before the process has been completed will lead to the formation of inactive intermediates that, by sequestering correlates with the capacity to activate T cells. Thus, strong agonists induce higher levels of downregulation substrates, inhibit activation by agonists, resulting in TCR antagonism. This mechanism has been docuthan weak agonists, while antagonists fail to downregulate TCRs, but competitively inhibit TCR downregulation mented in the case of Fc⑀RI where antagonism is the result of competition for limiting amounts of kinase (Torinduced by agonists (Preckel et al., 1997; Viola et al., 1997a, 1997b). The logarithmic dose-response curve igoe et al., 1998). An alternative possibility is that the intermediates generated might deliver an incomplete or indicates that the efficiency of TCR triggering, defined as the ratio of displayed peptide-MHC complexes versus even negative signal, thus explaining partial agonism and antagonism. The dependence of signaling on steptriggered TCRs, is highest when only a few complexes are displayed per APC. This is incompatible with TCR wise formation of multiple intermediates enhances the fidelity of kinetic discrimination by allowing for a greater oligomerization as a necessary requirement for TCR triggering. In contrast to low-affinity ligands, high-affinity number of proofreading steps (Rabinowitz et al., 1996) . In this way, the kinetic proofreading model defines a antibodies to CD3 are much less effective in TCR triggering at low copy number, since they display a fixed minimum time threshold for the TCR/peptide-MHC interaction to be productive. An important aspect of kistoichiometry of ‫1:1ف‬ and a linear dose-response curve, indicative of a single cycle rather than serial triggering netic proofreading is that the rate of the individual steps depends on the concentration of the reactants. Theremode (Viola and Lanzavecchia, 1996). Furthermore, activation by high-affinity antibodies to CD3 is resistant to fore, this rate may differ in different cell types and can be modulated by variations in the total level or local TCR antagonism (Viola et al., 1997b). In the context of serial triggering, TCR antagonism may be explained not distribution of signaling molecules, thus potentially explaining developmentally regulated changes in respononly by sequestration or consumption of TCR substrates but also by the sterile occupancy of TCRs, that may siveness to TCR ligands. The kinetic proofreading model is supported by recent biochemical data showing a limit the pool available for triggering by agonists. It makes sense that, in both cases, high-affinity interacmultistep phosphorylation of tyrosine residues on chain ITAMs, dependent on the affinity of the ligand tions can override these inhibitory mechanisms. depends on gene transcription, is achieved at much higher thresholds. Given the definition of partial agonists Tunable Thresholds for T Cell Activation The number of TCRs triggered is an important parameter as ligands that trigger only a subset of the effector responses, it is tempting to suggest that their property that determines the fate of antigenic stimulation. Irrespective of the nature and affinity of the ligand, T cells depends on how effectively they push signaling through the hierarchies of functional thresholds (Itoh and Gerare activated to proliferate and produce cytokines when a threshold number of triggered TCRs is reached. Howmain, 1997). While effector T cells are rapidly committed to proliferever, this threshold is not absolute, since it depends on whether or not costimulation is present and is therefore ate, naive T cells must be stimulated for several hours, which may reflect their need to increase size before characteristic for a particular T cell-APC interaction. In human T cell clones that express ‫000,03ف‬ TCRs, the entering the cell cycle (Iezzi et al., 1998). The required duration of signaling is dependent on the amount of threshold has been estimated to be ‫0008ف‬ TCRs in the absence and ‫0001ف‬ TCRs in the presence of CD28-antigen and the presence of costimulation. When high doses of antigens are presented by professional APC, mediated costimulation (Viola and Lanzavecchia, 1996). Indeed, in extreme experimental conditions, when pepnaive T cells become committed after 6 hr; however, at lower antigen doses, or when costimulation is lacking, tide-MHC complexes are offered on surfaces without costimulatory molecules, T cell activation is hardly the duration of stimulation needs to be increased up to
